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Exhaust gas-purtfyfng catalyst and process for purifying exhaust gases 

MO J^lJiC r.Ss*°J^rtS^^^ ^ P"^"9 exhaust gases. 

reaction of nHrogen oxides ^^^Tj^^^^.o^oZ^J^'^ "T" *° 

purifying exhaust gases using the catalyst. ""^^^^o" ^eacton of carbon monoxide, and a process for 

s In recent years, in various countries includino the U a mmr,rto;t» 

an electric heat-feeding system havino variQurLnL« . L composrte electncrty^enerating system and 
With a heat recovery boiler Ze t^n SJ Zt ^J! combined 

populated districts, Strogen Zls^SjSSiJnZt^ ^^""^ ''^"^ ^^'^ ^ '"^t^'^d in 
systems have been a^cauS of iSoleSTSLl^^^^^ 

/o illustrated in Rg. 6 and Rg 7 of the a^m^5^„'?l ^ ^^^"^ gases-purifying systems as 

In Rg. 6. an e^Saust qas ?om ™s 1*^^!^ '^'^ ®"'P'°y«'l «» ^^o^e NO, and CO 

wWcS o>;di^e^col'nL;d in'Se eSa^s^ oa^llS^S*?' -^^^^'^"3 5a of a noble mSi 

3 each connected to steam ijrbir^T^lH^^^^ ^'"^ "'^"Sh super heater 2 and vaporizer 

from ammonia (NHa^Sg rfJSs 6 J^Jf nTh '"I^^^ "^^^ '"^ether with NHslJrayed 

« from Chimney 8 to the a^oXTL coSmZn^, ^ "''"^ '''^"^S^ ^''^^^^ ^ 

the nice supported on alumTna 

titanium oxide containing vanadium ^mr„hS ^enrtration catalyst 5b. denitration catalysts of 

Similar to exhaust r^XiSon ^;rrd S^^^^ ^ " ^ ^ "'^^^ """^"^"^ 

According to L exhaust gaSSaSlSmTSo f^^T" '^""^ "^"^ 
20 drawbacks that the installation coH htah^ J, S^^^^ ^ "^"^ ^ 

spraying of NHa cannot be carrie?<^ in from of " 

problems that a suffidemspaSTor mSg N^ritSl^^^^^^ "^"^^ '"^^^ ^ 

spraying means 6 and the dentoSoSv« lb JJ^^h.^ ^ NHa- 

an amount of unreacted mT^s^^pTr^ ^^^^^'^ per^ntage denitration cannot be obtained: and 
25 metals are used in a large q^tity ' ^™ ^ '^^'^y^s s'^nsive noble 

andS inltrS^StL^Js^^rdiTrJ^r^^^^^^^ 521? ^^'"^ "^^'^^"^ -»^vst 5a 
catalyst 5a usually used as CO^S^SJq l^vST/J^^S'- *° ^ ^^tem, the noble metal 

in advance of the N0« reduct^ «Te'd?,Son 52^56 I ^^'^^'mh' 'T""" "^'^'^^^ 
30 Obtain a high percentage denitration. Further ^cenS^l^ rJfT^ ^'"'^ '* '""Po^^ble to 
region, it is necess^to increase the quXol ^e ^SL^fl T ' ^'^Pe^ture 
cost. quanniy oi me catalysts used; hence there Is a drawback of high 

reaction of NO, with NHa iJTe saTa ^^'"u^ *^ CO^xidizing reaction and the reduction 

gases. ' '"^^ '^^"^^ ^ ^''S*^ ^^ciency. and a process for purifying exhauJ! 

The present invention provides: 

The present invention also provides: 

copper or cobalt sup^d on^^^rurSr.rL "'^""^ ^ ^^^^^^ ^-^Pri^^S 

zeolite. arconium ox.de or titan.um oxide mixed with a copper-substituted type 

6rJ:;:^n'S,T ''""^ ^" way of example with reference to the 

presanrSvJniT' ' "^"^ °' "'^"^^ Qas-purffying system illustrating an embodiment of the 

Ri.^1^r/JL?s'hor^^^^^^ Of « -^^vst of th present invention, 

exampl^ 1 and 2. mS expenmental results of Example 1 and Comparative 
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present invention. In this figure, the catalyst of the present invention is in a state where particles of a first 
component A of ZxOz or TxOz having supported Cu and/or Co and particles of a second component (B) of 
Cu-substltuted zeolite are phy^cally mixed together. 

The ZrOz or TiOa catalyst having supported Cu and/or Co as a first component promotes oxidation of 
CO contained in exhaust gases according to Ih following equation (1)* 
CO + V2O2 - CO2 (1). 

^d at the same time a portion of NO contained in exhaust gases is oxidized according the equation (2) to 
form NO2: a M \ / 

NO + V2O2 -NO2 (2). 

The fonmed NO2 and remaining NO reacts with NH3 adsorbed onto the Cu-substituted zeolite as a 
second component having a strong solid acidity according to the following equation (3) to form Ns' 
NO + NO2 + 2NH3 2N2 + 3H2O (3). . 

Since the reaction of the equation (3) is far faster than conventional denitration reaction expressed by 
the following equation (4). NHa is very rapidly consumed according to the reaction of the equation (3)- 
NO + NH3 + VtOa - Na + (4). ^ 

Thus, when the above first component is singly used, it oxidizes NH3 to form NOx and thereby reduce 
the percentage denitration. but when it is used in admfocture with the Cu-substltuted zeolite as the second 
component, adsorption of NH3 onto the zeolite is prevailed and almost no oxidization reaction of NH3 by the 
first component occurs; hence it is possible to canry out the denitration reaction with a high effidency. 

Thus, it is possible to remove CO and NOx with a good efficiency using a less quantity of catalyst than 
that of conventional catalysts and using a single mixed catalyst In the same reactor. 

The first component used in the present invention can be prepared by kneading a salt of Cu or Co such 
as nitrate, acetate, etc. thereof together with zirconium hydroxide, metatitanic add. zirconium oxide, etc., or 
by coprecipitating from a mixed solution of a salt of Cu or Co with a soluble 2r or Tl salt such as 2r or Ti 
sulfate, oxynitrate. etc. These compositions are prefen-ed to be caldned at 400* to 600* C. then ground so 
that the proportion of powder of 1 um or smaller can occupy 50% or more for use. 

Atomic ratio of Cu and/or Co supported by ZrOa or TiOg (Cu and/or Co/Zr or Ti) is preferable in the 
range of 20/80 to 1/99. more preferably in the range of 10^ to 3^7. 

The second component used in the present Invention is prepared by immersing powder of about 1 to 
10 m of hydrogen type mordenite, clinoptildite, erionite. Y type zeolite, etc.. and besides. Na or Ca type 
zeolite in a Cu salt aqueous solution, or by kneading them together with the solution, followed if necessary 
by water, washing, drying and caidning. 

Next, the above first component and second component are kept in a physically mixed state to be 
molded or coated by means of roller press, wet molding, wash coating, etc. This physically mixed state 
means a state where the first component and the second component can be respectively discriminated by a 
usual measurement means such as X^ys diffraction, electronic or optical microscope, etc. The proportion 
by weight of the first componenV the second component is preferably in the range of 5/95 to 50/50. more 
preferably 10/90 to 40/60. When the proportion of the first component is too large, decomposition of NH3 is 
concurred to make it impossible to obtain a high percentage denitration. On the contrary, when the 
proportion of the first component is too small, it is impossible to obtain a higher activity in oxydlzing Co. In 
the molding, where the two components are mixed, this mixing is prefenred to be a physical mixing as 
much as possible, and mixing or molding by which vigorous milling occurs is undesirable. In the mdding, it 
is po^ible to use an organic or inorganic binder, etc. In the coating, the catalyst composition may be 
slurried and coated onto a ceramic honeycomb, a metal substrate, etc. 

The present invention will be described in more detail by way of Examples. 

Example 1 

Powder of zirconium hydroxide (made by Kishida Chemical Co., Ltd., ZrOa: 90%) (35 g) was added to 
an aqueous solution of copper nitrate (Cu{N03)2 3H2O) (6.0 g) dissolved in water (50 g). followed by 
vaporization to dryness on a sand bath. The resulting solids were caldned at 500* C for 2 hours in air and 
ground into powder having an average partide diameter of *1 um to prepare a first component 

Copper acetate (Cu(CH3COO)2-2H20) (2.8 g) was dissolved in water (100 g) and a hydrogen typ 
mordenite having an average partide diameter of about 10 um (30 g) was added to the solution, followed 
by vaporization to dryness on a sand bath to prepare a Cu-substihited zeolite, drying it at 180*0 for 2 
hours and caidning at 500 C for 2 hours in air to prepare a second component 

The first component (3 g) and the ^cond component (7 g) were dry-mixed in a mortar, followed by 
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molcfing the torture into a md h=« • 

^ gas-ponfying catalyst of the 

s 

522221^ aamptes 1 and 2 

The first component and the se/v.nw 
the same manner as in obtained in Bcamote i 

^^'"^'"P^^Pare catalysts. ^"'^ ' '«P^vely singly n,o,ded 

Example 2 

« acd pov^der (SO* aSt^HS.** '^y'^«»^<^e of Example i 

''^^ "^"^ ««^) (39-4 9) to prep^a' ^"'^"^ metattanic 

Example 3 

Example 1 was rene^M 

Example 4 
25 ^ — 

30 Comparativa examples 3 . s 
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As seen from Ro a in +1, 
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occurs by NHa oxidation in a high temperature region; and the per^ntage ^'^^'^^^^''T^-^^nL^ 
««^rase of Comparative example 2 directed to single use of the second component the P^^^^l 
ZSn percentage removal o, CO is low. Whe^as ^ ^y^jf B^Pje 1 ^ ^ 

present invention has superior properties tiiat the percentage removal of CO Is not only high, but also tne 
percentage denitration is higher than that of Comparative xample 2. 



[Test example 2] 



IS 



Further, employing a system simulating that of Rg. 7. the catalyst fi^^f^'^^V/JTmn waf fiT^^^ 
was fiHedTn ttie upstrim part of the system and the catalyst of Comparative example 2 (0.7 ml) fined 
r?ie dov^sJiS^Srt to carry out a reaction. The results are shown In Rg. 4. in companson wrth me case 
rSt'^Exa^e 1 was used. In Rg. 4. symbol o ''nd^^^lJ-J-f, "Is^n'loi ffg 
symbol X indicates the results of the simulation test earned out by *e ^^^-J^^l^.^^^^^ 
4. tire results of the simulation test are far inferior in both the percentage removal of CO and the percentage 
denitration to tiiose of Example 1 . 
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[Test example 3] ' 

\mh the calalvsts of Examples 1-4 and Comparative examples 1-5. the percentage removal of CO and 

both the percentage removal of CO and the percentage denitration, where^ ^1?,^^^ Comparativ 
25 SSnpL are far inferior in the percentage removal of CO or the percentage denitraUon. 

Table 2 
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Catalyst 


Composition 


Percentage 
removal of CO 
(%) 


Percentage 
denitration (%) 




I5t 

component 


2nd component 


Example 1 


Cu/ZrOa 


Cu-H type mordenite 


69 


96 


-2 


CU/T1O2 


n 


62 


93 


"3 


Co/ZrOa 


n 


58 


94 


-4 


Ou/Zr02 


Cu-Y type mordenite 


67 


97 


Comp. ex. 1 


Cu/Zr02 




79 


14 


«2 




Cu-H type mordenite 


16 


91 


"3 


Cu/Ti02 




65 


11 


"4 


Co/Zr02 




79 


-3 


"5 




Cu-Y type Mordenite 


30 


91 



50 



AS seen from the foregoing, tiie catalyst of the present invention in a physically mixed state makes it 
possible to simultaneously carry out the CO removal and the denitration reaction. 



55 Example 5 

The fi'rst component (10 g) and the powder of the second compor«nt (10 9> ^^jf nIs^'kE'sS 
with a colloidal silica sol (30 g) containing 30% by weight of SiOa (Snowtex-O. trademark of Nissan Kagaku 
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FIG. 3 
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FIG. 5 
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o :EXAMPLE 5 
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FIG. 6 
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CO® Exhaust gas-purifying catalyst and process for purifying exhaust gases. 

2® An exhaust gas-purifying catalyst capable of car- 
drying out tfie co-oxidizing reaction and the reduction 

reaction of NQ^ with NHa in the same reactor and 
■gwith good efficiency, and a process for purifying 
<vj exhaust gases using the catalyst are provided, which 
^catalyst comprises Cu and/or Co supported by Zr 

oxide or Ti oxide mix d with a Cu-substituted type 
^zeolite. 
lU 
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